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[57] ABSTRACT 

A statistical simulation of a semiconductor fabrication pro- 
cess is performed in parallel with the actual process. Input 
parameters derived from a probability density function are 
applied to the simulator which, in turn, simulates an actual 
fabrication process which is modeled as a probability den- 
sity function. Each simulation step is repeated with a random 
seed value using a Monte Carlo technique, a trial-and- error 
method using repeated calculations to determine a best 
solution to a problem. The simulator generates an output in 
the form of a probability distribution. The statistical simu- 
lation uses single-step feedback in which a simulation run 
uses input parameters that are supplied or derived from 
actual in-line measured data. Output data generated by the 
simulator, both intermediate output structure data and WET 
data, are matched to actual in-line measured data in circum- 
stances for which measured data is available. The probabil- 
ity density structure of the simulator is adjusted after each 
simulation step so that simulated data more closely matches 
in-line measured data. 

20 Claims, 10 Drawing Sheets 
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SYSTEM FOR MONITORING AND simulation model. Furthermore, for simulation tools that use 

ANALYZING MANUFACTURING cither an empirical approach or an analytical approach, the 

PROCESSES USING STATISTICAL model fitting parameters do not have sufficient degrees of 

SIMULATION WITH SINGLE STEP freedom to match the extensive data mat are available from 

F FTEn RAPK 5 411 actual manufacturing process. 

Another characteristic of the manufacturing environment 
FIELD OF THE INVENTION is that monitoring of manufacturing processes and improve- 
ment of these processes is a fine-tuning process. Each tuning 
The present invention relates to manufacturing processes s tcp includes a measurement of small differences in process 
such as integrated circuit fabrication processes. More variables with these differences being attributable at least in 
specifically, the present invention relates to a feedback part to statistical fluctuations and also to complicated inter- 
system for analyzing and monitoring a manuf acturing pro- actions between multiple reactions of the process as various 
cess. process parameters are modified. Process results are typi- 
RAPKfiRni nsm of tttp tkvfnttom ^ difficult to measure with accuracy. A large number of 
BACKGROUND OF THE INVENTION ^ highly variable factors influence process results. Modifica- 
Process simulation is the usage of processing tion of a single factor in isolation from other factors is 
experiments, typically using a computer* as directed by difficult. This difficulty arises not only from a limited 
mathematical models created to describe a process phenom- understanding of a factor' s influence on the process but also 
ena. Many simulation and analysis tools (for example, because the various factors cause complex inter-related 
Pisces, Media, Suprem3, Suprem4 and PdFab) have been 20 cross effects and interactions. Thus, a simulation and analy- 
developed to assist process integration and device develop- sis tool that a production engineer confidently uses needs to 
ment These tools have not been as widely employed for supply a much higher order of measured precision of the 
integrated circuit manufacturing. Generally, these tools are data. Mere indications of data trends are insufficient. What 
developed primarily for research and development purposes is sought in the development of manufacturing tools and 
and do not adequately address various difficulties mat arise 2S techniques is not a drastic change in a fabricated structure, 
in the manufacturing environment. but rather a small adjustment in characteristics. For example. 

Several characteristics are generally applicable to the what typically produces an improvement in an integrated 
manufacturing environment and distinguish the manufactur- circuit structure, such as an LDD structure in a transistor, is 
ing environment from a process integration and device a change in dopant dosage of about ten percent or a change 
development environment One characteristic of the manu- 30 applied temperature of 100° C The combination of the 
facturing environment is that measurable aspects of pro- small size of the adjustments which are achieved by process 
cesses are have a fundamentally statistical nature, rather than modifications and the difficulty in measuring results of the 
a deterministic nature. Process variations and measurement modifications accurately manifest a disadvantageous char- 
errors are inherent to manufacturing processes so that sub- acteristic of the manufacturing environment akin to a poor 
stantially all data measured in a manufacturing environment 35 signal-to-noisc ratio in signal processing, 
is statistical. Exact measurement values are generally not Manufacturing simulation tools are calibrated prior to 
available for each device at each stage of a manufacturing performing a simulation test Calibration is typically accom- 
process so that a single data point is insufficient to justify a plished by entering calibrated input parameters that are 
decision relating to the process. For example, if it is known generated either experimentally or by previous simulation, 
that application of input parameters A and B to a fabrication 40 In conventional manufacturing process calibration, a speci- 
process to yield an output variable C, what is truly known is fled value of a parameter is fitted to produce a specified 
that input parameters A and B each have a statistical profile process output value. Realistic simulation results are rarely 
that, when combined in the fabrication process, yield a achieved using conventional simulation and calibration 
statistical profile C shown in FIG. 1. The most useful techniques since these techniques do not capture the true 
information available in a manufacturing environment is the 45 nature and complexity of the manufacturing process, 
form of the statistical profile which results from the process. Furthermore, conventional calibration processes require an 
Unfortunately, nearly all information that is utilized in the intense study of device engineers before a simulation tool 
manufacturing environment and all input parameters to a becomes useful. Thus, the calibration processes cause sig- 
fabri cation tool are expressed in the form of single-valued nificant delay in process qualification and improvement 
parameters, rather than in statistical profiles. 50 This problem is worsened by the fact that calibration pro- 
While conventional simulation and analysis tools do not cedures are repeated continuously as the environment in the 
suitably address the statistical nature of manufacturing mantrfacturing area changes over time, 
processes, these tools are also deficient in failing to take These characteristics of the manufacturing environment 
advantage of the extensive process variables, in-line mea- are applicable to an analysis of manufacturing monitoring as 
surements and Wafer Electrical Testing (WET) data mea- 55 well as process improvements. For example, it is often 
surements that are available. WET testing includes testing desirable to know how processes change over time to track 
for various device electrical parameters including threshold changes in fabrication results of a small amount, such as 3 
voltage and drive current that are measured at a wafer level, percent, over time, for example 3 weeks to yield an ultimate 
before bonding. Conventional simulation and analysis tools result Furthermore, these small differences are typically 
designed for research and development generally presume 60 measured in an environment of statistical fluctuation and 
that a fabrication process is not yet operational for actual measurement error. 

manufacturing. Therefore, these conventional simulation Although many characteristics of the manufacturing envi- 

and analysis tools are not sufficiently flexible for a manu- ronment are disadvantageous, several arc advantageous, 

facturing engineer to make optimizations of the process. One advantage is that specification of the structure resulting 

Specifically, these conventional tools do not allow the manu- 65 from the manufacturing process is well defined. Another 

facturing engineer to utilize the extensive statistical data that advantage is that actual in-line measurement data acquired at 

is available in a manufacturing process to optimize the various stages of the manufacturing process and actual WET 
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data arc plentiful and easily available. These data include manual calibration by furnishing a calibration framework in 

statistical profile data that are highly informative regarding which specific parameters are modified independently and 

the manufacturing process. the results of these modifications are easily tracked. Thus, a 

What is sought is a technique for tracking and analyzing whole range of ^oration inforrnation is acquired that 

manufacturing processes such that inaccuracies arising from 5 independently tracks modifications in specified parameters 

statistical fluctuations, complicated interactions, and mea- «s^g single- step feedback. 

surement errors are avoided or compensated so that process Another advantage of the disclosed method is that the 

modifications that produce even small differences can be defect rate of fabricated devices is very low due to the 

measured, monitored and analyzed. reduction in handling. A further advantage of the method 

10 that results from the reduced handling is a substantially 

SUMMARY OF THE INVENTION reduced manufacturing cost 

In accordance with the present invention, a statistical rrtpp n^n* tftton OF THE DRAWINGS 

simulation of a semiconductor fabrication process is per- BRIEF DESCRIPTION OF THE DRAWING 

formed in parallel with the actual process. Input parameters ^ The features of the invention believed to be novel are 

extracted from actual fabrication data and expressed in the specifically set forth in the appended claims. However, the 

form of a probability density function are applied to the invention itself, bom as to its structure and method of 

simulator which, in turn, simulates an actual fabrication operation, may best be understood by referring to die 

process which is modeled as a probability density function. following description and accompanying drawings. 

Each simulation step is repeated with a random seed value ^ mQ x ^beled prf^ Art, is a sequence of graphs which 

using a Monte Carlo technique, a trial-and-error method mustrate a black-box analysis of a manufacturing process, 

using repeated calculations to deterrnine a best solution to a showing statistical profiles of two process input parameters 

problem. The simulator generates an output in the form of a wh ich, ^ combination, yield a statistical profile of an output 

probability distribution. variable. 

The statistical simulation uses single-step feedback in ^ 2 is a block diagram showing components of a 

which a simulation run uses input parameters that are simulation system in accordance with an embodiment of the 

supplied or derived from actual in-line measured data. prcscnt invention. 

^S^^^^S^ FIGS. 3A and 3B are block dia^ms mustrating a two- 

S measured data in circumstances for which measured M ™ process of the simulation system shown in FIG. 2. 

data is available. The probability density structure of the FIG. 4 is a flow chart of a calibration process of a 

simulator is adjusted after each simulation step so that statistical simulation method in accordance with an embodi- 

simulated data more closely match in-line measured data. ment of the present invention. 

The essence of the single-step feedback is that one dedicated FIG. 5 is a flow chart of a measured data highpass filtering 

scries of Monte Carlo simulations exists for the calibration 35 operation of the calibration process shown in FIG. 4. 

of each individual process step, using calibration results FIGS. 6(A), 6(B) and 6(C) are a sequence of graphs which 

from all of the previous steps. For example, if a process illustrate intermediate results of a measured data highpass 

includes fifty process steps and one hundred Monte Carlo filtering operation depicted in FIG. 5. 

simulation steps are needed to build the calibration model, nGS ?(A ^ ?(B) ?(C ^ ^ ?(D) m a sequence of ^phs 

then the simulation process will include 5000 simulation ^ which mante intermediate results of a specified data 

steps in the calibration process, each starting from the first filtering operation. 

step to the calibrating step. FIG. 8 is a flow chart which illustrates steps of a matching 

The statistical simulation includes two types of simulation tion for actual data to simulated data. The 

runs including calibration runs and prediction runs. Both operation is a step of the calibration process 

types of simulation runs are statistical simulations which 45 ^ res ^ to p^. 4 . 

employ a probability density function as a basic elementary — ^ « fl JTart which illustrates steps of a predic- 

1M _ . ... . . , ♦ A tion process of a statistic^ simulation method in accordance 

The calibration run calibrates simulated output data to * embodiment of the present invention, 

match actual in-line measured data. A simulation operator W1U1 * u F 

specifics the actual in-line measured data to be employed for 50 ™>- 10 is a flow chart showing elements of an overall 
the calibration run. For example, in a typical fabrication structure of a fabrication system in accordance with an 
process, particular process parameters including fabrication emrwdiment of the present invention, 
tool-specific parameters, temperatures, pressures, deposition DETAILED DESCRIPTION 
material concentrations, and the like, are specified indepen- 
dently. Results of calibration runs are compared and param- 55 FIG. 2 is a block diagram showing components of a 
eters are updated as a result of these comparisons so mat the simulation system 200, including various fabrication equip- 
process is specialized for selected fabrication characteristics. ment 210, various test equipment 212 for measuring process 
The described process has many advantages. One advan- parameters and a simulation computer system 214. In an 
tagc is that the described apparatus and method combine actual fabrication process, typically a plurality of fabrication 
statistical analysis of extensive available measurements with 60 equipment 210 is employed to carry out different steps of the 
feedback to an in-line manufacturing process line. In fabrication process. At several stages of the fabrication 
addition, the automatic calibration feature of the statistical process, process parameters are acquired using the test 
simulation method advantageously complements manual equipment 212. Acquired process parameter data are con- 
calibration of a fabrication process. A simulation operator veyed to the simulation computer system over a transmis- 
maintains the capability to manually calibrate fabrication 65 sion path 216. The transmission path 216 is any suitable 
parameters by simply changing parameter values in the communication system such as transmission wires or net- 
simulator. The automatic calibration feature facilitates work lines. Other data transmission methods may include 
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manual techniques such as conveyance by magnetic disk. process 450. The actual in-line process 420 includes with a 

Examples of fabrication equipment 210 include CVD wafer start step 422 for initializing process parameters takes 

reactors, vacuum pumps, ion implantation equipment, depo- place, a single process step 424 for performing a single 

sition equipment, photolithography equipment, optical selected fabrication process step, a measurement step 426 

aligners, photomasks, wafer cleaning equipment, wet etch- 5 for measuring a result of the selected fabrication process, a 

ing equipment and the like. Examples of test equipment 212 process end step 428 for terminating the selected fabrication 

include residual gas analyzers, spectral analyzers, electrical process and the measure WET data step 430 for measuring 

probes, optical dosimetry measurement equipment, optical WET data parameters. Adjustment of different process steps, 

microscopes, laser reflectometry equipment, spectroscopes which are suitable for simulation analysis, of a plurality of 

and similar data acquisition tools that are known in the art 10 suitable process steps is performed independently in this 

of rnanufacluring. The simulation computer system 214 is manner. A process step which is suitable for simulation is a 

any suitable computer system which includes common com- process step that: (1) produces a fabrication result that is 

putational functionality and common communication opera- important to the functionality or structure of an integrated 

tions for receiving process data. In one exemplary circuit, (2) produces a measurable result (3) is capable of 

embodiment, a SUN SPARC 20™ application server with a 15 simulation, and (4) responds to changes in simulation 

network of x86 PC interface clients are employed as the parameters with differences in function or structure, 

computer system 214. A customized PdFab™ simulation Examples of suitable process steps include pad oxidation 

tool and conventional software, including Microsoft before channel implant, gate oxidation, gate etch and spacer 

Excel™ and Microsoft Access™ are used to process data. oxide steps. Typically, two types of output data are measured 

The simulation system 200 is a simulation and analysis m that result from a fabrication process step, including vertical 

tool for a manufacturing environment that incorporates dimension data and horizontal dimension data. Examples of 

several objective pi?operties. First, the simulation system 200 vertical dimension data include oxide growth, gate oxide 

provides for simulation and analysis in which data is input, thickness, polysilicon thickness data and the like. Horizontal 

processed and output with an arbitrary statistical distribution dimension data include polysilicon gate length and LDD 

profile since actual fabrication data statistics may not be 25 spacer width, for example. 

distributed in a Gaussian profile. Second, the simulation Doping profile data results from processes which are 

system 200 furnishes a capability to utilize any measured assumed to be stable so that a doping profile is typically 

data, if available, to improve the accuracy of simulation known, allowing simulation on the basis of theoretical 

results. The simulation system 200 also allows data supple- estimations of parameter values, rather than measured data, 

mentation to achieve a best possible simulation even if some 30 in one example of a suitable selected fabrication process, the 

statistical data is not measurable or is otherwise unavailable. single process step 424 performs a gate oxidation process 

Third, the simulation system 200 is flexible and allows and the in-line measurement step 426 measures a data profile 

models underlying the sirnulation to be upgraded and c f oxide thickness. 

improved. Fourth, the simulation system 200 performs sub- Corresponding steps of the simulation process 450 are 

stantially all operations promptly and automatically without 35 performed in parallel with steps of the actoal in-Une process 

conflicts with existing data collection and analyzing systems 420. a simulation start step 452 begins the simulation 

in the fabrication. process 450 in response to initializing data from the actual 

Referring to FIGS. 3A and 3B, two-run process of the in-line process 420. The wafer start step 422 generates initial 
simulation system 200 includes two different run modes of data, such as orientation data, that is measured and trans- 
operation, specifically a calibration run 310 depicted in FIG. 40 f erred to the simulation process 450, typically through a 
3A, and a prediction run 320. In the calibration run 310 manufacturing control system, such as Workstream™, the 
depicted in FIG. 3A, available data are processed to generate remote access channel of the manufacturing control system, 
fitting functions for matching simulated and measured data. such as Remote Workstream™, and a network connection to 
The calibration run 310 includes a single simulation step 312 the application server, such as TCP/DP. A simulation start 
and actual measurements 314. Results of the simulation step 45 s tcp 452 initializes parameters of the simulation process 450 
312 and the actual measurements 314 are processed accord- to arbitrary, used-defined values. Following the simulation 
ing to a fitting function 316. The calibration run 310 includes start step 452, a simulation step 454 simulates the actual 
a series of single simulation steps 312, each with corre- process step performed in single process step 424, first using 
spending actual measurements (both process parameters and arbitrary, user-defined parameters and later adapting the 
in-line/WET data) 314. Results of a plurality of the simu- 50 parameter values on the basis of actual in-line measure- 
lation steps 312 and the actual measurements 314 are menu. Various miscellaneous input parameters such as 
processed to produce a fitting function 316. Each simulation processing time are designated by the test operator. These 
step 312 processes data accumulated using all fitting func- m p Ut parameters are applied to the single process step 424 
tions previously calculated during the calibration run 310. and the simulation step 454. Input data may be applied in 

In the prediction run 320 depicted in FIG. 3B, measured 55 several formats. However, the input data is converted into a 

data and the fitting functions calculated in the calibration run statistical distribution function before actual processing 

310 are used to predict unknown data. During the prediction begins. For an array of input data points, data is sorted and 

run 320, if any process parameter is missing from the the probability of a data value being between any two 

existing database, the statistical distribution function used in consecutive data points is assumed to be the same. For data 

the corresponding calibration run 310 replaces the missing 60 presented in statistical form, such as data with a mean, 

parameter. If any WET data or in-line parameter is contained standard deviation and range limits, the data is modeled in 

in the existing dataset, these WET data or in-line parameters a statistical distribution function as a truncated Gaussian 

replace computed values without changing fitting functions. profile for usage as a statistical distribution function. For 

Referring to FIG. 4, a flow chart of a calibration process data presented in a statistical form, such as a mean and range 

400 of the statistical simulation method is shown. The 65 limits, the data is modeled in a statistical distribution func- 

calibration process 400 includes two parallel processes tion as a truncated Gaussian profile with each specified limit 

including an actual in-line process 420 and a simulation being presumed to deviate from the mean value by three 
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standard deviations. If the mean is not centered between the 
range limits, the function is modeled as an asymmetric 
profile and is considered the combination of two half- 
Gaussian profiles that have the same population and differ- 
ent standard deviations. For data presented in a statistical 
form, such as a mean and standard deviation, the data is 
modeled in a statistical distribution function as a Gaussian 
profile. Data presented as a single data point is used only for 
parameters that are insignificant when no additional infor- 
mation is unavailable. Each actual or simulation result 
including intermediate results, is applied to the simulation 
and process as a statistical distribution function, rather than 
a single data point Thus, a statistical distribution function is 
the elementary data type in the simulation system 200. 

Simulation step 454 operates on the basis of statistical 
simulation in which a simulation step is repeated many 
times. Bach single simulation run computes one value from 
each input statistical distribution function, processes the 
input values in accordance with a corresponding physical or 
device model, and obtains a value for each output statistical 
distribution function. A higher number of simulation repeti- 
tions results in improved accuracy in the output distribution. 

One example of an input processing parameter is a 
processing time parameter. In addition, various actual in-line 
measurements are acquired during the single process step. 
Results of these in-line measurements arc communicated to 
the simulation step 454 by a highpass filter step 456. The 
highpass filter step 456 filters input parameters and in-line 
measured data from the single process step 424 and per- 
forms digitized processing to generate an output of a discrete 
probability density function. Simulation results from the 
simulation step 454 are applied to a generate simulated 
profile step 458 and to a random seed step 460. The random 
seed step 460 updates a seed value for Monte Carlo tech- 
nique simulation and applies the updated seed value to the 
simulation step 454. The generate simulated profile step 458 
constructs a simulated profile which is used for matching 
analysis of actual and simulated results. The simulation 
takes place in a plurality of Monte Carlo steps, each step 
including one pass through the simulation and random seed 
steps 454 and 460. 

Multiple-pass feedback steps mat are performed in the 
simulation and random seed steps 454 and 460 are illustra- 
tive of a single- step feedback concept for performing cali- 
bration of the simulation system 200. Bach single simulation 
step is evaluated independently of other simulation steps. In 
one simulation step, data are measured and applied to a 
simulation step and results of the simulation are fed back to 
the process. Simulation results are used only to compute the 
fitting function for data measured within the simulation step. 
Using the single- step feedback concept, measured data is 
flexibly used to improve simulation accuracy while the 
interaction between different simulation steps and propaga- 
tion error are reduced. 

The single-step feedback concept is substantially different 
from conventional simulations in which an entire simulation 
is completed in each simulation run with intermediate output 
values of all simulation steps being assembled and the 
output fitting function being calculated all at one time. 

Subsequent to the single process step 424, the in-line 
measurement step 426 measures the data profile of oxide 
thickness and communicates the data profile result to an 
actual data to simulated data comparison step 462. The 
actual data to simulated data comparison step 462 receives 
simulated data from the generate simulated profile step 458 
and actual in-line data from the in-line measurement step 



426, and compares these data profiles digital sample by 
digital sample, for example by calculating the point-by-point 
difference of the profiles. The difference profile is stored in 
store difference profile step 464. A determine matching 

5 process to convert step 466 determines whether to convert 
simulated profile data using previous simulated data or 
actual data on the basis of the difference profile determined 
by the data comparison step 462. A conversion operation is 
performed on the simulated profile in matching process 

10 conversion step 468 which iteratively converts the simulated 
profile received from the generate simulated profile step 458 
on the basis of the difference profile received from the data 
comparison step 462. The matching process conversion step 
468 combines the difference profile and the simulated profile 

15 and produces a conversion function. The conversion func- 
tion is then used to match any arbitrary simulated point to a 
converted simulated point for latter simulation. One way to 
obtain the conversion function uses Newton's interpolation. 
Thus, for a data range defined by actual measured data, 

2Q Newton's interpolation is used to define a continuous func- 
tion based on percentile matching. For a data range not 
defined by actual measured data, a third order polynomial is 
used to define the continuous function. This matching 
method furnishes a suitable balance between flexibility and 

25 accuracy. 

After each single process step and each simulation step is 
complete and the simulated profile is generated, additional 
process steps may be performed and additional simulation 
process steps including various simulation, highpass filter, 

50 generate simulated profile, random seed, actual data to 
simulated data comparison, store difference profile and 
determine matching process to convert and matching pro- 
cess conversion steps may be performed for the application 
of additional fabrication processes. For each single process 

35 step of actual in-line fabrication and each corresponding 
simulation, a full actual in-line process and a full simulation 
are performed, using random input parameter data, so that 
independent processing stages are performed with actual 
fabrication steps proceeding in parallel with simulated steps. 

40 Following all actual process steps, actual processing 
terminates with an actual process end step 428 and the 
measure WET data step 430 measures the final output data 
of the fabrication process and generates a WET data profile. 
The WET data is processed in a highpass filter step 432 to 

45 generate filtered WET data. 

Following all simulated process steps, simulation termi- 
nates with a simulated process end step 470 and a full device 
simulation step 471 is performed by device simulation step 
471 step 472. The device simulation step 472 incorporates 

50 profile information derived in previous simulation steps and 
utilizes Monte Carlo analysis using random seed simula- 
tions. A generate device simulation profile step 473 gener- 
ates a device profile that corresponds to the actual calculated 
WET data. A device profile matching step 474 compares the 

55 WET data to the device data generated by the device 
simulation step 471 digital sample by digital sample, for 
example by calculating the point-by-point difference of the 
profiles. This device difference profile is stored in store 
device difference profile step 476. A determine matching 

60 process to convert WFT data step 478 determines whether to 
convert simulated profile data using previous simulated 
WET data or actual WET data on the basis of the difference 
profile determined by the device profile matching step 474. 
A conversion operation is performed on the simulated WET 

65 data in WET statistical profile conversion step 480 to 
generate the final output profile of the calibration process 
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Output data that is generated by the calibration process Derive probability density function step 518 function step 

400 includes all of the matching profiles and all simulated 516 calculates a probability density function of the actual 

profiles in-line parameter values. An example of the probability 

In some embodiments of the calibration process 400. the density function is shown in FIG. 6(C) Generate Probability 
actual in-lineprocess 420 and the simulation process 450 are * *o«ty table step 520 assembles a table of n probability 

, , *" . f . ~V j . ^ „ , . " density function values in ascending order of steps 5y. 

completely automatic, being performedmparaUel simnlta- J * highpass 

rnTni y ™ r ^^i ^Z^7^ 4^ £ Altering operation for highpJ filtering specified dTis 
in-line process 420 ana the simulation process 45U are , "Tr , , . „ ~* -^.j «L«k-knih, ^ M 
performedin parallel but not in real time s "that the various dented graphicaUy. For specified date, a probabOity den- 
ial process steps and simulation steps are performed '0 W fi">*on is derived theorebcaUy ratiier fcan expenmen- 
genexaU^dependently but with data acquired from mea- ^ 80 

furements onTe actual in-line process 420, filtered off-line by various stahstical parameters. U one sample speeded 
in steps such as the highpass filter step 456, and communi- ^ » ***** bv a mean paramet^ value p. a standard 

. , . .« . ^ ^ ^ r ffI . deviation value p, a maximum parameter value and a 

cated to the simulation process 450, off-line. . . \ . _ ^ *T ' A ^^ r 

r 15 minimum parameter value so that a probability density 

In some embc<liments of the calibration process 400, function is fitted to a Gaussian distribution as is shown in 
in-line data extraction from the actual in-line process 420 is piG. 7(A). In another example, specified data is specified by 
automated and the highpass filtering in steps such as the a mean ^^e^ vawe u and a standard deviation value p 
highpass filter step 456 is operated for pre-selected samples fio &at a probability density function is fitted to a 

of actual in-line data automatically and periodically. ^ distribution as is shown in FIG. 7(B). In a further 

Referring to FIGS. 6(A), 6(B) and 6(C) in conjunction example, specified data is specified by a mean parameter 
with a flow chart shown in FIG. 5, a highpass filtering value u., a maximum parameter value and a minimum 
operation for highpass filtering measured data is described parameter value so that a probability density function is 
graphically. The highpass filtering operation is performed in fitted to an asymmetric Gaussian distribution as is shown in 
the highpass filter steps 432 and 456 shown in FIG. 4, for ^ FIG. 7(C). In another example, specified data is specified by 
example. FIG. 5 is a flow chart depicting steps of a highpass a mean parameter value u alone so that a probability density 
filter operation 500 for filtering measured data. Data is function is estimated to a Gaussian distribution as is shown 
measured in measurement step 510 and measured data is in FIG. 7(D). Generally, a more suitable probability density 
counted in each of a plurality of quantized error ranges fix function is calculated when more parameters are supplied as 
in fill histogram step 512. Data is in the form of process ^ opposed to fewer parameters. 

parameters, in-line measurements and WET data. Generally, Referring to FIG. 8, a matching operation 800 for usage 

process parameters include any suitable and meaningful in the actual data to simulated data comparison step 462 and 
process parameters mat may be measured, observed or the device profile matching step 474, bom shown in FIG. 4, 
specified during a fabrication process. Suitable process j s ai us trated by a flow chart First actual data is highpass 
parameters include furnace temperatures and deposition 35 filtered in the manner described with respect to FIG. 5. 
times, for example. In-line measurements include any mea- Specifically, the matching operation 800 includes the fill 
surcments of process results such as oxide thickness for a histogram step 512, the error quantization step 514. the data 
gate oxidation process step, polysfiicon thickness for depo- normalize step 516, the derive probability density function 
sition steps, and the like. WKT data includes electrical stcp 51 g ^ me g Cncra te probability density table step 520. 
parameter measurements such as threshold voltage (Vth), ^ in a match profile step 820, the probability density table for 
saturation threshold voltage (Vsat), maximum transconduc- simulated data generated in a step which generates simulated 
tance (Gm) and saturation current (Idsat). Process steps of ^ta such as generate simulated profile step 458 and the 
pad oxidation before channel implant, gate oxidation, gate generate device simulation profile step 473, both shown in 
etch and spacer oxide steps are considered most influential pjQ 4 ^ fitted to the probability density table for the actual 
for controlling these WKT data parameters. A process 45 data generated by the generate probability density table step 
parameter designates a specified parametric value which 520, profit fitting is performed by forcing the step sizes of 
serves as an input parameter to a process. The in-line the simulated profile 8/ so that the percentage of the total 
measurements and WKT data are measured as results or number of data points falling within each variable step size 
applied as input parameters to the process. range of the simulated profile matches the percentage of data 

FIG. 6(A) shows a histogram of actual in-line data mea- 50 points in each fixed stcp size range of the actual data profile, 
surement values shown on the horizontal axis in a quantized La this manner, a difference profile is generated which 
error range ox and the number of data points falling within includes a 4 times n array of step samples. For each of the 
each 5x range of measurement values on the vertical axis. n step size samples, four elements are stored including an 
The highpass filtering operation described with respect to amplitude number indicative of the percentage of total data 
FIGS. 6(A), 6(B) and 6(C) operates on measured and 55 points for each step dement the ascending fixed-size 8y 
observed data. steps for the actual data, the ascending variable-size 5y' steps 

Referring again to FIG. 5, error quantization step 512 for the fitted simulated data and elements indicative of the 
modifies quantization of the error term 5x into a step size 8y difference step sizes 8y-8y\ 

in a predetermined manner so that each 8y is the largest In a determine best fit step 822, a best fit function for the 

value which is less man 8x and equal to the difference 60 amplitude number is derived using a selected fitting 
between the maximum and minimum value x divided by an function, as is known in the art such as a polynomial fit 
arbitrary integer n. FIG. 6(B) shows a histogram of actual function, a spline function or the like. In one example of a 
in-line parameter values shown on the horizontal axis in best fit function, a constant function is applied and residue 
terms of the n groupings of quantized step size 8y. These (difference) calculated, then a linear polynomial fit is applied 
values are normalized in data normalize step 516 so that 65 and residue calculated. If the difference is residue is less than 
each histogram value indicates a percentage of the total a designated amount a constant function furnishes a best fit 
number of data points falling within each step size range. If neither the constant nor the linear polynomial functions 
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supply a best fit a second order polynomial function is 
applied. Similarly, higher order polynomial functions are 
applied until a best fit is found. Generally, ihe best simulator 
is a simulator in which the best fit is a constant function on 
if a constant function does not yield a best fit, a lower order 
polynomial function. 

One advantage that is achieved by the matching operation 
800 is a high simulation accuracy based on the 
automatically-obtained precise fitting function between a 
calibration output statistical distribution and actual data. 
This operation statistically fits two data populations for 
which the entire percentile distribution is known so that the 
fitting function for a range of parameters and data measure- 
ments is simply calculated by a direct percentile correlation. 
This means, for example, that 10%, 35%, and 75% of the 
output statistical distribution function is mapped to 10%, 
35%, and 75% of the actual data. Data values between two 
data points is accurately measured by interpolation. 

A further advantage of the matching operation 800 is that 
the process is flexible and applicable for substantially any 
profile for any number of data samples. Another advantage 
is that the fitting function applies to out-of-range data points. 
A further advantage is that low pass and high pass filters may 
be applied to the resulting data to compensate for measure- 
ment inaccuracy. 

The matching operation 800 also handles out-of-range 
data and predicts possible outcomes that result from appli- 
cation of experimental process parameters that have values 
outside conventional limits. Therefore, the matching opera- 
tion 800 extends beyond the region defined by calibration 
data. From numerical analysis theory, the higher the extrapo- 
lation function order, the larger the possible error. To com- 
promise the accuracy and flexibility of the fitting function, 
a third-order polynomial is used for the fitting function in a 
region not defined by calibration data. 

Following the calibration process, a prediction process is 
performed The operator specifies input parameters for the 
prediction process including any operator-selected input 
parameters or profiles. Any input parameters that are not 
specified default to parameters or profiles that are derived in 
the calibration process. Referring to FIG. 9, a prediction 
process 900 begins with a simulation start step 910 in which 
operator-specified input parameters and profiles are entered 
and default input parameters and profiles arc installed. In 
user-defined simulation step 912, a simulation is performed 
and profile derived using user-specified data and data from 
a processed table. Following the simulation step 912, a 
simulated profile is generated in simulated profile step 914. 
A matching conversion step 916 combines the difference 
profile and the simulated profile and produces a conversion 
function. A converted structure is derived in step 918. 
Various process parameters are simulated in this manner 
until a process end step 920 terminates the prediction 
simulation. A device simulation is then performed in device 
simulation step 922. A profile generated from the device 
simulation is then matched in matching to convert step 924, 
thus generating simulated WET data. 

The WET data derived from device simulation is deter- 
mined in precisely the same manner as the in-line data after 
process simulation, using the same matching and conversion 
techniques. 

One advantage of the simulated process method is that 
simulated and actual data are all treated uniformly and in a 
statistical, rather than deterministic, manner. Another advan- 
tage is that all actual in-line data and WET data are available 
for usage in improving the accuracy of the simulation. 
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Furthermore, for an improved-stability fabrication process, 
data fitting is substantially automatic. In addition, physical 
calibration of the process is not necessary so that automatic 
calibration is possible by simulation is achieved before a 
fabrication tool is used in manufacturing. An additional 
advantage is that simulated data achieve improved param- 
eter accuracy. 

Referring to FIG. 10, an overall structure of a fabrication 
system 1000 is shown in block diagram form. In this system 
1000, a fabrication process 1010, as circuits are fabricated, 
generates actual in-line data that is assembled in in-line data 
block 1012 and information for derivation of WET data 
measurement step 1016. This WET data is assembled in 
WET data block 1018. The in-line data and WET data are 
entered into a database 1020. Data in the database 1020 are 
processed in automatic data extraction step 1022 at sched- 
uled intervals such as weeks. These data are assembled in 
data process block 1024 and applied to a calibration process 
1026. Matching procedures are implemented in matching 
function block 1028 to derive profiles and data which are 
entered into the database 1020. The profiles and data are 
applied to a prediction process 1030. Selected information in 
the database 1020 are also manually extracted in manual 
extraction block 1032 and this data along with operator- 
supplied data 1034 are applied to a manual data processing 
block 1036. Data derived in the data processing block 1036 
are also applied to the prediction process 1030. A calibration 
process 1038 is also performed using the data from manual 
data processing block 1036. Information from the calibra- 
tion process 1038 is used in a manual matching function 
block 1040 to derive profiles and data resulting from the 
manual extraction of selected data, which are also entered 
for performance of the prediction process 1030. The predic- 
tion process 1030 generates prediction information for vari- 
ous applications in block 1042. 

One practical use of a calibration run is to simulate a 
fabrication process, holding all parameters constant, but 
taking actual in-line data measurements over time. For 
example, in some embodiments of the method, data may be 
measured weekly over multiple weeks to detect shifting in 
process properties over time. Other applications for statis- 
tical simulation include monitoring of manufacturing 
processes, process development and improvement and com- 
parison of data for different nianufacturing processes. 

The description of certain embodiments of this invention 
is intended to be illustrative and not limiting. Numerous 
other embodiments will be apparent to those skilled in the 
art, all of which are included within the broad scope of mis 
invention. 

What is claimed is: 

1. A manufacturing monitoring system comprising: 

a fabrication equipment for performing a fabrication 

process step applied to a workpiece; 
a test equipment for acquiring a sample of a process test 

parameter sensed from the workpiece; 
a computer coupled to the test equipment to receive the 

process test parameter sample; 
a software program operable upon the computer system, 
the software program having a plurality of routines 
including: 

a routine for receiving the process test parameter 
sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process 
step to generate a plurality of simulated fabrication 
process results, routine for simulating being a statis- 
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tical simulation of a semiconductor fabrication pro- 
cess further including: 

a simulation loop routine using single-step feedback 
in which a simulation step of a plurality of simu- 
lation steps uses input parameters that are supplied s 
from actual in-line measured data and generates 
output data; 

a subroutine for matching output data generated by 
the simulation step against actual in-line measured 
data; and 10 

a subroutine for adjusting a probability density struc- 
ture of the simulator after each simulator step so 
that the simulated data more closely matches the 
actual in-line measured data; and 
a routine for generating a simulated profile indicative of IS 

the simulated fabrication process results. 

2. A system according to claim 1, wherein the software 
program further includes: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 20 

3. A system according to claim 1, wherein the software 
program further includes: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 25 
simulated profile. 

4. A system according to claim 1, wherein the software 
program simulating routine is a statistical simulation of a 
semiconductor fabrication process further comprising: 

a subroutine for deriving an input parameter to the simu- 30 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 35 
the actual fabrication process being modeled as a 
probability density function. 

5. A system according to claim 4, wherein the software 
program simulating routine is performed in parallel with the 
fabrication process step. ^ 

6. A system according to claim 4, wherein the software 
program simulating routine is a statistical simulation of a 
semiconductor fabrication process further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 45 
value that is varied using a Monte Carlo technique. 

7. A software program encoded on a computer-usable 
medium having computable readable code embodied therein 
controlling a manufacturing monitoring system, the manu- 
facturing monitoring system including a fabrication equip- ^ 
ment for perforating a fabrication process step applied to a 
workpiece, a test equipment for acquiring a sample of a 
process test parameter sensed from the workpiece, a com- 
puter coupled to the test equipment to receive the process 
test parameter sample and having a memory, and the soft- 55 
ware program loadable into the memory and executable on 
the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the simulated fabrication process results; and 65 

a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 
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8. A software program according to claim 7 further 
comprising: 

a Monte Carlo simulation routine for iteratively updating 
simulation results using a random seed value. 

9. A software program according to claim 7 further 
comprising: 

a routine for formatting a pliirality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

10. A software program according to claim 7 wherein the 
software program simulating routine is a statistical simula- 
tion of a semiconductor fabrication process further compris- 
ing: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

11. A software program according to claim 10, wherein 
the software program simulating routine is performed in 
parallel with the fabrication process step, 

12. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value mat is varied using a Monte Carlo technique. 

13. A software program according to claim 10, wherein 
the software program simulating routine is a statistical 
simulation of a semiconductor fabrication process further 
comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 

14. An executable program code encoded on a computer- 
usable medium having computable readable code embodied 
therein controlling a manufacturing monitoring system, the 
manufacturing monitoring system including a fabrication 
equipment for performing a fabrication process step applied 
to a workpiece, a test equipment for acquiring a sample of 
a process test parameter sensed from the workpiece, a 
computer coupled to the test equipment to receive the 
process test parameter sample and having a memory, and the 
software program loadable into the memory and executable 
on the computer, the software program having a plurality of 
routines including: 

a routine for receiving the process test parameter sample; 

a routine for simulating a simulated fabrication process 
step which corresponds to the fabrication process step 
to generate a plurality of simulated fabrication process 
results; 

a routine for generating a simulated profile indicative of 
the simulated fabrication process results; and 
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a routine for controlling the manufacturing monitoring 
system in response to the generated simulated profile. 

15. An executable program code according to claim 14 
further comprising: 

a Monte Carlo simulation routine for iteratively updating 5 
simulation results using a random seed value. 

16. An executable program code according to claim 14 
further comprising: 

a routine for formatting a plurality of process test param- 
eter samples into a process data profile; and 

a routine for matching the process data profile to the 
simulated profile. 

17. An executable program code according to claim 14 
wherein the software program simulating routine is a sta- J5 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for deriving an input parameter to the simu- 
lation from an actual fabrication process parameter, the 
input parameter being derived from a probability den- 20 
sity function; and 

a subroutine for simulating an actual fabrication process, 
the actual fabrication process being modeled as a 
probability density function. 

18. An executable program code according to claim 17 25 
wherein the software program simulating routine is per- 
formed in parallel with the fabrication process step. 



19. An executable program code according to claim 17 
wherein the software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a subroutine for repeating a plurality of simulation steps, 
the repeated steps applying a varying random seed 
value that is varied using a Monte Carlo technique. 

20. An executable program code according to claim 17 
wherein me software program simulating routine is a sta- 
tistical simulation of a semiconductor fabrication process 
further comprising: 

a simulation loop routine using single-step feedback in 
which a simulation step of a plurality of simulation 
steps uses input parameters that are supplied from 
actual in-line measured data and generates output data; 

a subroutine for matching output data generated by the 
simulation step against actual in-line measured data; 
and 

a subroutine for adjusting a probability density structure 
of the simulator after each simulator step so that the 
simulated data more closely matches the actual in-line 
measured data. 
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ji* Aisaioiaess zm® sife sswiah ois n&m ss?ia s^ia ehioiehs sss 4= aat 
aoicf eh^oi, ^gase ib saasES oiss AissnoiaasoiiAife. aaa^m itting)»aoi 

EH3I MM SI5SS2S ¥EH OIS^fe& iSflff CHI 01 EH CHI ffig3H= S*S XIS2J §£M 3IXI2&XI 
St P. 

XHIS&32J SECm ^§§ SfLlte S LI EI8HI 3HdA|3lte: 5!S 0|2§(fine-tuning)g§OI5l 

fc SOIEI 2| 5 § Belter gga^0)|AH2J aS *f0IS2| *Si S&8H1. OIBI& WOISS CfSTS S§ 

»aoia?i ssi n. ssa ogf&efssi ^s&asasa s^iassoii seioi aa. saaiute: a 
po £ g^sw ^ssh^i oi&a. ss 3isa2i fi^soi ega^ou s»s 21x12, ses as a± 

mS.¥b\ 2^3 9g2il SS5I3I& OHHS SOICK 01 SXHIte SSCHI CHSf 2^21 SSS| §}§ 

g oi5HS¥Ei «e*oi oma, pas e^soi *asna hss sissa asass s°aiai= maim 

3|°!&E| COaAH, ^31 if XI 3 1- 243)1 AfSShte: Aiaaioia a »4jB!SS CHI 01 EH sj *as gsmoii 
□ » EH^ 6H0t BO. Q|OI9a&|2| B£S XIAISte: SSS81EK fllS£3§2l 3|gr2J 3HW0II 

SUOHAH ¥201 a^Elfe^Wfe SXHIte: =?SOH 2iCHAH2| 3» &SiS.Q^ m&mOU CH& ^8 5SI oKte: 
3J0IB WIS MCH Mg!!XI^EH2| LDD?£2f as ggsi£?£M 8f#AI3lte 2S ^ k 10 uH£!!M g22| 
EeM(dopant) AHB9 2fe 100° 2J a§S22J assoiCK gSBSKHI £|& sfS SaS2| 
OIBie B»2| 3215 ^SSfterCHI COS 01 eiSg, <MSxHaCHI SiCHAH Biff <ya EH SSdKS/N dl) CHI 

»l£AI«aiOiae!SS AlSaiOld EHI^M SOU 2g(cal ibrate)eCh . il u J?2S 01 *Jga2 
2. SEter OIS AiaaiOldOilAH US a gJ^El BhDIEHS 6JB3S2SMI 0|^O)£!CK S£H2J XHI£gg 

JH § CHI AH ter EiaO|EH2J f|g&S ?§S! 33832*8 £B6*8fcQI 2!B8m. S£H2| AISaiOldEf US 
3|^s xH|ig§2| ^XHI^^2f ^S&S ST22S, MM AlSaiOldSIlfe SEH2) A|SaiO|^2f 

2§?I^S AIS81W ^OHXIXI atterEI. EH^OI, SSH ISSSS AlBSIIOIfiaSOl ^SSl?ll 0189^1 2 

oil ?i^xi2j axn& 21 a^sci. coaA-i, aggig g§xi^¥oi& :h^oii sjohah wesoi 
toacf oia& ^xnite: mss^2j &goi aiboii cnia bsieh^e, a§g§s ei^^as aaoiapt 
a Oil AH eh^eh 2t»aa. 

oias xHi5&s°i ^§§s ni^gssi eiiaga sa»^2i s^oii agoi ^sm. oia son, si 
a°j ^mm a^i ?ish 3^ set 3eh^m°j sis a 21 esaasi ssim ^aspi ?ish, gaoi aibohi 
ma ohs^i a site: xi s oite: 2s bi&^s sjoid. am, oia& =fs xioiasoi mxm mm 

2W°I *aoilAH SS^!2S ^SEICHSQ. 

XHI5S30II 2i01AH EKS ^aSOl S£|§ 5!0iaE, ^SIS SSOISIQ. 01 a & §§§§ SfU 

fe XHISHiaOII 2| & ^S°l SAHIter S*8^l Ut&USlQ. EECfS SIS fl|5j»S2| OH a B 311 Oil AH a? 

ate? ^ahi ejaej ^aaioiEHsi ^m°i wet chioieh^ g¥sm,_^»i oise 4= siafe aoio. a^i qi 

OlEHte: XHISgaOil 36H OH ° S3H=! CHI 01 EH S MSSCf. 

¥2i s sAisioiofsite: S3iia! as. ^mm ^s^s. ^aa^oii ms ¥S«tsi nispnu e# 
hohxie^ msgaM ^a. suiter 3i*oias as xiois i^fe §a°i asoias *m. sua, 
s^goisf4=sm. 

aasi as, 1 

ccibiah s a^soii coe aEfli flisgssi S3iia Aieaioi^s axHssat saioii ^aisei. ^xhi HI5 

CHI 01 EH CHI AH «»U£»4>2| SEHS SSSter gJ^HfaDIEHte: at»a£»4»aEH2| 6I«IHI5SS 

m ^ais a2i^g(Ai^aioia) site: AinaioiEioii agsa. Ai§aioi<y^gis sxhi2j sid2j 
sHsaiS aaspi &ma x\t*m o\sm^ aieei- s«&aei saisissgg ois& a 21 21 ai = 
at°s a.^9Q. oiae Aissnoiat *M&asEHs s^s ^a&D. 

8i\ mx* Aisaioi^s Aieaioi^ mm\ mm ejaeisi ^gaioias ¥eh §3 ma a a^m 
aoias oissib: s^ii ni^eijm oisea. AisaioiEnoii °I5H astite s^ehioiehb §y s^?s 

CHI0IEH21 WET CHI 01 EH te= ^aCHIOIEH^I OIS «S0l|AH2| MM SiafSJ ^aCHI0|EH£H OHxiaEK 221 

CHIOI EH^h &iaej ^SCHIOIEH CHI DHxIElE^, A|4B5flO| EH 2J ^Mffl2=?Ste: 2f2|°| ga^^OI 

^ o\q ssici oia& B^iJ ni = »j2i earn wss, s^2i saigas Aiaaioidon oistite: 31 

S 01221 2E ^iiS¥EH2| 2§g3i 0IS8IO1 21^21 ga^SJS liiasPI ?I8H SXH&Elte: 5!0|Ef. 

oiia sen saoi 50 ?h°i g§ii§ sssm lasaii ea^i ?ish 100 :H2| saisias Aieaioi 
d^gjoi ass hh , Aisaioids jnaaaoiiAH ^ s^i^u^eh mm^mm 30= 5000 :H2j Aisaioi 

d4:gJS 5SS 20ID. 

s?)ia Aiaaioids ¥ ^ixi agj- massy^ owea-ai Aisaioidsiys s»eo. a?i2i Aisai 

OldSSS 2¥ 3l^a2J il^B?ISAH i||BI£&^l OlSSlte: s?iia AlsaiOldOIQ. 

aasss aixi Baej^a chioi eh oil oHxisfter 221 s^chioiehs a§ao. Aisaioid ssxfe i§s 
son Aisater <yxii eisj-cj ^acnioiEna ^xniaas xig&o. one soi, ssaei mssaoiiAH, ^g 

EiaOIEH 82 gstXHSS2 &S XHISSSS S bolter ^^2| gguiaOIEH^I- XiaflOHSiEK JS. 

a2i giss ah s aiaEin, niaoia^ 01 uuna aacni to- a ah ahsxi 3d§2SAH, d^a is? 
as ?i5H ^gaaa. 

s &§2i a 3i 3i^a Eias e.^s aas 31x12 such. 3 121 smb g-31 axia noil ceie aas 
eiaej mssaaejoii ch& ni2sii2s, ss?ichi axn ois^fes niaoiEH2j e3iia sa= aeacf. 
se& S3iia AisaioidoiiAH wsnasi ^as xHisEfaoiiAH2j ^siigs ^asi3Hi BSB 4 SUCK 
Aiaaioid sgife BBsi AiaaioiEH2i maoiEH^s SSAIU2SAH xHismaoiaa 4=Sa2S 19 
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s ^ 9iQ. oiaet wsiss mam&mevi ies ^§£in oiae ^ssii a:ni °Jt^2 
§xuxnig 5>s°smi ^i§§ soi 8^1 em. hieiah, i§§a^ aaiH^fc bsj^usi eie^s 01 

§6101 s*SS E1E10IEH2I 438 231 ^§5101 4= 

s ara og nje a a 21 a§ sas aaaaoi zt^aspi mi son. siss a&soi oh^ j*q. 
zi^sia a §011 s wasi loe sas xnsdigsi 3ixisEib; aoici. 

E I 2 Ai£ a»8KM • SB'*** «g»fe ¥ 3H2| g§gj«E1E10|EH2| S31ia£E1SJS UEHdj gansi 

xhi23§°i s^^a e4S tfgapi ?i£t naia. 

£ 2 fe S itgSI *JAI Oil CHI COS Al^aiOld Al^gJ^Ss UEffcH S^E. 

E 3 8 £ 2CHI giOiAH A|§aiOI£ A|^gJ2| ¥ 0 ( two-run) xHEI3§s UEf^ E. 

E4bS at 9 S| ftlAI Oil CHI COS SfllAISaiOld »H2| 29 331 UEffcH 

E 5 te E 4 Oil SICHAH m S xH £1 °J = §CHI0|EH 2 2< H EH i=! S *1 8 U&UI 

E 6A 0)1 AH 6C fc E 52| ^§ CHIOIEH 2<3I!EHijS*t2| i^Sli gSSPI 9IS H£H°. 

E 7A CHIAH 7D te S*SQI0|E|2| 2«HEH§g2t2| i^23i L*EHJ 3£H°. 

E 8 § E 4 CHI AH SSB 3§xHd|2| §t ^iJSJ. ^XHICHIOIEHg E2| Q| 01 El 01 0Hx|AI3lfe S^33i U 
EH« S£¥x1S. 

E 9 fc & BS2I AIAI Oil (XI LT.1S g3U» A|gai0ld°1 011*311 U&fcH 

Eiogg gfgsi ^ai cmi chi be mmM^msa mm ?ssi liem* §s?»§. 

e 2 t Aiaaiot<a ai±s(2oo)°i u&a s^esai, &oi ai^u(2oo)e aaa aisshi 

(210) g§nmO|EIS ^SSIfe QSf& A|g§dl(212), AlSaiOld aSE1A|^gi(214)2S OI¥OHSE1. 

XII £3 SOII AH, E14=2| X||£§dl (210)fe XHI£3§CHI 2*1 Of AH a^2| 4»HSPI ?|8H_ AlgaEI. 

XHI£3§2| 01SH B 311 Oil AH, ElEfDIEHfe AI8Sdl(212)* AlgSIOH &0\EQ . 01 S 3)1 £OH£! UlEfDIEH CHI 
OlEHfer a^3S(216)g 3HxH, AlgaiOld i^EHAI^SEsL Sg8CI. a$3£(216)te S£dO|l4 HIM 
?.|3E1°J3 as S<MA|^gJOI 0IS8D. CIS BIOIEOSStee 0f3LH|gH El^aCHI 21 & SBi »S 4= 
s *h 0 |g& 4= 21P. X||£ &d|(210)2] CHIi CVD §£f3|, SSBS, OIS 2JSS!!9I0I£! §dl , S 

sfsui ssEi^nami&di, n§H3i. ssoH^a. ?jioieh AHi§§di , a&iotissui §§ s»»a. ais 
§di(2i2)fe xhis^i^oiiah m »Bia soi^e^i, ^aiMes^^i, s^iB^a, as^asui. as 

□ 13 aiOIXH BAWSHI. SI3I, ^AICHIOI EH^S S §i S&S10H OI¥OiaEK ESI, Al^aiOld 8 
SEHAI^gj(214)S gg aSEISSI- 3|fe3 XHEICHIOIEHg 4^5131 flfi gg S^!g^= S&Sfe OHCCH 

*h asHAi^as Aig ^ifesm. & gfss ?itt s^ai oiisai. sun sparc 20™ ah ma x86 pcjjehibi 

01^31 ijSEHAI^ii(214)0ll MSEiaCf. ?Sa^Elt= PdFab™ A|SaiOI<32§3 DH0|3£±SM a| 

^3 DIOia^^ES 2JA||^: g°l SEH°I ±^?i\OiJ\ CHI 01 EH xH 2-1 g2fO|| Alga Q. 

&J\ AlgaiOltf A|^gj(200)S 01£H 3HI a«a25! ^31 S&Sffe XHI5S13S SSI S^E^OIQ. 

SI ^XHI21 XHISQI0IEHS3IPI 3f¥^ MSE1S0II SS3XI &S4= 4,^1 A|_gaiOI<3 AI^U 

(2oo)s cHioiEH^i s^, aa. s^Hfe Aisaioi^3 s^ohi a°i2i ssi^ s^iisuias is&o. 
Aisaioia ai^sc2oo)s Aisaioia S3si sutg s^aisi^i mm, ois^fe& o\mm chioi 

EHE ft Sit ^ 2^fc 31SEH. AlgaiOl^ A|^gJ(200)S Sfll^i CHI0IEH31 *§£42J>IU 0|g31 

fesm aexiEiE, ^§ at^& Ainaioids «tfispi?i8HAi chioieh eg(^3i)s si^eia. mm. & 
j\ Aisaioid ai^s(2oo)s a^^oia ssoi &&&j\$\m Ai§aioi<y°i arista, awi. & 

D\ A|gaiOI<3 A|^a(200)S Um^°£. Eg gatS 6!^6m XHS3ES SSCHIAH ^IHSIfe CHI0IEH4 
23 S^A|^H32J g^SIOI 4»S&P. 

E 30IIAH3 SOI, AlgaiOl^ Al^g! (200)CHI AH 21 m&QM XHEI3SS 338^(310)3 01I*SS (320)2| 
^?1X|°| AHS CIS SfHSEM 3§SS(310)0II Alfer 0IS^fe& QI0IEH31 S°ICHIO|EH» ^38 

01 01 El • 0HSAI9PIA& ^§Sf3|?|6H xHEISCI. fe^l 3§SS(310)S BSI Al^aiOl^^gJ 

(312)3 61 XII ^§(314)ES Lf tH CH X1 2i El . A|SaiOI<y^g!(312)3 aiHI^§(314)£| 331= 3ttS4 
(316)011 2|5H XH El a El . 3§SS(310)S 2^3 AISaiOlflB3||(312)« 58813, ^^2| B3||fe 

H1E10IEH21 PJE12J/WET CHIOI EH 2^ °J ^XHI^S (314)011 CHg&EK E14=2| A|SaiO|<3 ^U(312)g3 ^XHI* 
§21 23fe §§tlt=M316)M ^§5131 ?|5HAH xH El a El . z^2| AIMaiOI<y ^ii(312)S 0IS2I I3S 

S(3io)gB saa ee oigsioi ^§a ehioiehs xhei&ei. 

Oil (320) CHI AH 3§SS(310)CHI AH *38 Q|0|EH£1 ai&St^fe Dl XI 2) CHIOI EH M Otl^SlferCHI OlgSEK 

0j |*g|y(320)goh ^XHSfe CHI 01 EH tHI 01 ^ CHI AH MSB HIEIOIEH^I 2iH EH. 8HS 3§ SH (310) Oil AH Afg 
g fe S3H»5aS4»fe «3I ^18 ulEIOIEHil □a&Q. Htst, WET CHIOIEH E1= 9JE19J U1E1DIEH31 6f 
31 CHIOIEH tHI 01 ^CHI S&EICH 21S ttH , OIEH& WET CHIOIEH Efe PJE1&1 HI El 0 1 EH aj&»4=2| BS12iOI 

aaa 2ion cH»iaa. 

Q§ £ 4fe S3||AISaiOltfgta2| 3§xHEI(400)M UEiy SS^XieSAH, ^| 52§xHE|(400)fe 41X11 
oiEf'pj21§(420)3 A|§aiOld3§(450)2| ^ 3H2| SI331 SBBCi. ^31 ^XHI e!ae!aa{«0)S 
3 §011 gfig ElEIDIEHg ^3|I1S1fe ?1IOIffl A|2t^gJ(422), eSJd^XIIS3§B31|g 4=So1fe: EtSJxHEl 

±m(A24). asna g sag 21 33s ^§sfe ^§riii(426), <y§iaxii£3§M sesife: ssss^i 
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(428), WET CHI 0 1 EH II^OIEHM *S6K?I?I& ^§ WETQIOI Q^BI(430)S SS&CL Q^2J g§Hf§01|AH 
A|§aiO|£S*!0|| 2|3| QB ±m^2\ 5gg 0|£1& S&)2£ 4SSCf. A] M &il Oi ^ CHI g 

s*£i^2i ?i^ ^^oiiAH sab 5Siii sasw (1), *s3*e an a asm 
(2), AiMBiioi^oi i^ssm (3), om =?^m d\b Aiaaioitf msiaiasi aaoii 

(4). S§^§2| Ollte XHtfgJB&S OI22] EHH }IOIM 3i!0|M Oil 8. ^ffllOi 

ah mis ii asso. 31^^ xheiil^b^ioiiah ^^i^ gsi»aQioiEia iisi»shioiei« s 

»5fe ¥^XI EFS2| M^CHIOIEH^h ^SSEf. #3 x^ CHIOI EH2J (fflfe MSS, 211 01 M M£j 
^ai^^^lOil a» QIOIEHS H^X^CHIOIEH^ 0II« MCH SEI4IEi5 ^lOIMSJOI. LDD refill 01 AH 

°i ^ §oii as CHI 01 El S 5I,W. 

£S5SE[°y CHI Of EH ^ B3 30IBH2 ^S6^ l§2S¥Ej £Bg§|0£/H, 

^SQIOIEl SCfb U^DIEH «2| 0I&3^» Ai^aiOl^ §2*8 6^1 SDK S »SOI| IBB 

g§2fS2| ^OlIOilAH^ #}| BS*)£I^1I(424)S }|0i^ MI8I 4*8 8*12. 2J^2J *3^BI 

(426)a ^a^wisi QioiEiHsmgJs ^seo. 

A|MBilO|^^§(450)^ 21 BfE! I§ (420)1 ^fflSCh Al^aiOl^ A|^BI(462)S 61X11 

2jyeiaS(420)£| mf CHI 01 EH CHI SBSKX A| 01 £ 1§ (450)8 *f4*eCK #D\ %\0\W Al^gj 

(422)^ ?-JB^^^j(Workstream ,M )Ilf g§ HI CH A| , B|2M 913^^ (Remote Wo rkstream")]!!- it 

£ eSXHICH Al^^j^j Sl^SexHy, TCP/IP^ AHtfl^SJ UI^?-]B^S §1 SsH AIM3I0|^1§ 

(450)o^ 0|§9^ ££12! Ell 01 £01 01 El 21- ec ^^1 CHI 01 EH M £BgffQ. AIM^iOld A|^gj(452)S A| 
«SH0iaiS(450)2| HfBFDIEtB 8J2|2| AhSWOfl §2|g at°S £3|»BCK £>0| AigaiOl^ A|2* 

±10(452)21 Df§ >sHe! AIMSilOl^ ±ij(454)£ xHMOiliz: £j2|2j AtS»S2|2iS. USOIIte MM 21 S| 
2! ^38 ^|SS5K)1 E^DIEISiS 3SSK)I B8XH£l±il(424)0||A| ^^£1^ ^ISIfl£IB?l|2| ^2\Mm 

m so. Aiaxiai §2j Qas a^maoiEi^ Aiesswoii ^uhah ssaa. oiae ej^nfa-oiEife 

BiixHEl ±£1(424)^ Al^aiOl^ ±11(454)011 »§SC[. ^ CHI 01 EH ^ 01 dH D\X\ §EH^ 4 21 Cf. 

nau. £J^chioieh^ *jx«soi a|3[£pi 2oii §313 assa. ^chioieh sem^ 

bH ?i 5H , qi 01 eh ^ sbsmi gusn, 0^22 01 oh s ¥?H2j chioieh §a*oi2| ehioieh^2j mm 
b ^qh ^*»cl &^&x\2\ mmmowm chi 01 bh si- 1^ mn\^ §^2j chioieh^ S3i3 

^SS^lAI MS©^I?15H IB ^F¥^H^nf^Ilf ^SS*£ UEftSCK S 21 S ?l » 311 21- 

§313 S^2| CHI 0| EH = 2ta|2| J|§@ AjP^|2J HS^XKMI 2|& 83^22 ^EH 

UEFtHQK B^, S^OI S?l&^|2) e2i0i Ofy CCH , &4=^ diaSHSBSS §ae 

£2M ^01 §t S^^xf^ ¥ 3H2J S^-^f¥^H^E^2J 5H25 Z.^^a. ^D[^^J\ 0\§J[ 

a. Bs CHIOIEHS^^ UEmfe CHIOIEH^ =4-& m^DIEHBg ^I5H AfSSCf. g^3^« S»S 
2|2|2J *JJHI AlSaiOl^ B^ CHIOIEHSfiC^ mn^\ SSS^SA) AIS^IOI <^Hi- ssasoii 

Al^ailOl^ if§(454)^ Al^SIOI^^gjOl OjdH B §3IAl§EilO|^S ^j^^ofai SfSSa. ^ 

^|2J Al^fiilOl^^^^ ^ ^i^ S3H3gS&4^ ¥EH2| StS S^sUl, uH&o^ gB-I^IS^ 

CHI Ctt^AH gj»&8 xHBI mOi P 2|2|2| S5)I3SS&4 ! 2) ^^EK AIS^IOI ^ °J &m*40|- 

ch e*^^^ ^^^S2i 8^Ai!ia. 

S ^SOil dFE a»xHBimE|Q|E|2| BOtlb xHBIAIZi 111-^01 EH 01 EK £E&, Cf9e ^XHI 2J&F2! ^§1^ 
b BttflBIBXIOIIAI £CH£!EK OldHeh 2I&21 H^^EHil^ij(456)M IHffl, 4^1 A|^5il0|^ 

^^'(454)011 B«^EHg^ij(456)B XH El^iJ (424) 9.^ ¥EH2] a ^ m2|QIEI2F 2J 

£f2J ^schioiehm BEisaR. o\&mm m^m^m^m agmnmm c\x\mmmc\. &d\ aim^ioi^^ 

g| (454) Oil A) Al^eilOI^Sife 22|H^nf^^^^gi(458)^ A| H (460) 2 S 2^£!EK 

A^j ^2f^|A|E^il(460)^ eE)l3hSS^^ Al^aiOI^Ojl 12^ AlHStS S<ya^H, AlHSiS 
A|gaiOI^^U(454)01l g2SQ. S2]^^U^^^^gj(458)0ilAH^ e^g2f2| ^ 

DH^afeCHi oigsi^ e2in S nms ai^ioi^ a4=2j seii^bsbtiioiiai aoiun. 

01 DCH ^2j SE||^gSB3)lb ^1 Aj^ailOI^^^J (454)I2h AIH^U (460)S So[^ 1 EH^M 

^Pl AIMeilO|<^^ii(454)]2f ¥^^IA|E^gj(460)0ilA12] EfgllH^ UlE^j^iiMg 4^1 AIMSIIOI^AI^gj 
(200)2J H^m 91 S B^^U n|H^j^^2J Aj^^^ ^z,^ Aj sej , 0| fl ^ H g ae A!MaiO|<y^iJ 

s^d. e Ai^Biioi^ ^iioiiAH^, chioieh^f Aie&ioi^ ^gjo^ asao) 

n Ai^aioi^2j sa^f xHEiufgo^ niH^aa. Aisai 01 <^^i aimbiioi^^iioiiah ^§£iois 

CHI0|EH2j a^SfeQIB OlSSCF. Bffl^il HIH^H^M 01 got- 01, CHIOIEH^ AIM&II 

oi A2i ™m^m »^Ai9Pi?iai sas^i A^g^ ^ an. ah^ ef^ AiBaioiaa2i as^§a aiiis 
^oi s^ap-. 

aoi B^^ii niH^ ^h^b sxhi Aisaioias^oi, »»*oia AiMaioi<y ^gj2j §^ 

a ^oii e¥ a^afe ^trs^g ^ Aieaioi^ ^oiiai gut miw a ^21 Ai^aioi^n^ 

^i^j2^ E^EK 

^^1 B^XH El (424)21 $\W 01 01 2JEF2i (426) Oil AH ^ ^tf¥^!2j Gil 01 EIHSIIffflS 

QIOIEHHSKa £3\m A JXHICHI0|EH/e2|CHI0|EHdlH^i](462)o^ SgBEK ^HICHIOIEH/ 

22JCHI0IEH dlin^^(462)B e2|nsma^a^gl(458)S¥EI 22JCHI0IEH£f 9J^2i ^3 CHI 01 EH (426)^ 

¥EH ^XHI 2i^2JCHI0|EHg ^^^01, 01 CHIOIEH n£ma| Zj- CI XI B S^^^ - Oil M M01 , HSWSS 

2i §2j »g y\&t\o\- um&a. oig^i x^^^n^'B ^gHsn^xH§^ii(464)oii 

H§@D. DHSg§^gl(466)g OIS £2j CHI 01 EH 11 MSoKM £2|HSBa CHI 01 EH S SS&XI, 

EE^ CH!OIEHd!II2^1±j(462)0ilAH 1§9 XFSHSfflSS ^1^^ ^fli CHIOIEHM e»»S2!XI« §§& 
EK B»S=fS OHSxHEl H»>ia(468)2| 22|nsmao||2|8HA| #J IS S O . ^^i OHSxHEl S^^g](46 
8) CHI AH ~ ^Ol CHI0|EHy|Jn^ii(462)^¥EH2i x^H^U^S ^1^^ U0\ , £2J H^E^^^^gj 



17-4 



(458)S¥B 4=a£f 22|22E)SiS S.^S|2£ £f?l OHSxHEl £S^iJ(468)0ilAte X) 

SHSwaa s^nsiai if & sua, 01*21 Aisaioias ^ish s°iaa s*&a 221 

§§ m a sfeai oisafe Be»*i g«ea. e*s4>« e gffflas *S2i szfeoi 

oisao- deia), ^m^gaioiaon °ish §2i£te aioiag^ioii ^5°) sygs ^s^ohsoii e» 
ef a^if^s §2isteai oisaa. &fs, ^§0101 a on °ish §2i£ixisfi=: chioiehs^ch!^ m 3 hh 
sosf^oi a^s^s s 21 steal Aigact. oiaa QHSsa saai §sf^Afoioim°i ^ss an 
^xiAi^ja. 

2f2f°i BSJHEi^Hiaf Aisaioia^gjoi a££in e°iMSEf^oi ^&a *, 301 hiss °ish 
a^soi ??|5|2£ ^asum, asfs Aisaioid, m^aa, saiHsmaaa. ¥^?iai2, chichi 
oia/22i0ioia am, wa=snm*is. a^spi?i& ohsss §§ seste Aisaioia siei^Ha 

QHSSBI BSf^UOl ?5|J|2S 4= 21CL 4IX-II PJEfeJ HI20)|A)2| 2f E> S XH El ^ S! E) 30)1 SHS 

ste AisaioidoiiAte ¥^?i a^m^DiEi aioias ois. ^*h°je)°j saaa Aisaioia aasoi 

^sHgcH, = i)*joj xH£|B3lte ^HIHIS^iiE) 22|>il!!OI S3HI 4=1130. 

2 £ UflCDfS 01*0)1, ^fll 2)§E AIM aaSS^H(428)2S S2EI3, ^§ WET0I 01 EH^gf (43 

o)s aisassi msm^a\o\am *&c\o\ wetchioieh °£ia§ aasa. fe^i wet aioiat sag 

@ WET QIOIEIB 4SSSte 3« S Ei (473)011 AH xHEiaC). 

&a as e°ia§ ^uoi*. Aisaioiaiifsa e°ia§ss^ij(47o)oiiAH ssan, a- a a- §»ai 
saibidoi s3tiAisaioia^i(47i)oiiA) assa. ^oi 5niAisaioia^ia(47i)s oiasi Aisaioid 
^hoiiai 2^a =snis ia§ aoun ¥*f¥iAi2 AieaioiaB ois, aaisff^g^s aci. sxiai 
saioi<5Hsn^^s^n(47Ds saa wet qioiehoii susste sxihsuisis assfcf. 

£E)|J OH (474)8 WET 010192* SxlA|gai0ia^S(472)0||AH SSS 5fx| 01 01 Ei S_ 2| Q XI ifSSOf 

□ - otis soi sseisjssj §2j xts ^iiasfoi- bia&a. oisihi ^aa sxixisitsuiais s-xixi- 
»Hs»flisis±ei(476)oii/H xisao. wetchioieh ass 0Hsas±!i(478)s 01221 ssiwetqioi 

EHS OlSSKX 22|HSmS!aiOIEI» S&IfXI. 2fe fe^l ifxIHSEtS OH S^ii (474)011 AH xteii 

sisi am wetoioiehs »&2f3J2jiin as&a. a&s^e b§ xh ei (4oo)°i ait^ss 

EfSS a^SPI^ISH WET S51IHSE^ aSh^U (480)2) 22) WETCHIOI EH Oil 2|S)01 4=§aE). 

El § X) El (400)0)1 AH ^^a S^QIOIEte 0HS55EHJE) 22)n S n f a S¥i SBfiO. 
& ttSOII OS E1SXH El (400)2) ^Al Oil Oil 2JO) AH , ^Hl £! E)°JE)§ (420) E) A| Sal 01 d 3f§ (450)a SflHI 

g^8)0i saioii. ^AiaoiiAj aasi i)s^°s ^Aiao. a&. as ^aiohoii 2io) ah , °je)2je) 

S(420)E) Al§ai0li3]l)§(450)0l gffll SiyS)01 £A|£|U, 4!AI2fO)l XHEI£IXte SffeE). CC)E)AH, QgfS 
^XilxHEI2)§^i)2) AlgaiOia^SSOl SE5 ^Hl SJ E)2J H)§ (420)2) *Sa2)0)|AH ^WS 901 E| 9 

^^ei2, feoi ns-aa^a(456)a- ^a ^^oiiah lauaa, sse)^ Aiiaaioi^ e)§(450)e) sd& 

6f3| a§x)EI(400)2| C)S AIAIOIOH 2iO) AH , fe^l ^Hl ^E)^2)§(420) £S¥E) ^Ef^ EHIOIEte X)§ 
^og ^S£IH, 4f3l H^aE^g(456)a ^DOIIAH aajilEI SS*f£ AIS 2J£f21QI0IE|2| OIS 

chi a^a asi ?i8H Ds^oia *sea. 

2 6A CHI AH 6Cfe 2 5 2| MS¥x)M2) a^SfOi 2« S Ei g ^§ 01 01 EHS fl& E^IHSS^I 33)5 
S tfgS)22 2iE). H3SE)i!§sfa OH* SO) 2 42| &PI H« S EH (456) (473)0II AH 4=iyaE). 2 5 
fc *§E)|OIEH5 SEigSlfe 2^8IEISS=K500)2| ^gJSS gg3PI?l& SS¥X)M0IE). 0IOIEte ^ 
§^U(510)0)|AH *S£IH, ^§9 QIOIEHb 8|^S3^ IHgrigJ(512)2! E)^2| gfWlfS £x)S¥l(6 
x) = o| ^^£j go,o| gjon tf(»aE). QIOIHfc HS/dli: n)E)0|E). °JE)£J*§x|^ 0IOIEH, WETQIOIEHSI 

s<^s mma apos, MSAii^EfEfoiEte nis2)§sef as, xiSEte onua ^ifsm 21 

0 |oj fe n S A)l^myOIEH2 ^)s8)E). n S A)|^^E)D| Ete HUASE, S*fAI2f 11 it if of 01 

^saE) 6f^i 9JEi°i^§xi^0ioiEte ^loie^afla^as ?i & asi¥M , §sf^noii aaet sei^ 

£15 ¥WI S2) x)E|gE)2) ^§X|^M SSffD. 6f^l WET OlOIEte S^afilftVth), SsfS^Sgf 
(Vsat) SCH ^^S^mMGm). £S)aW(ldsat) mii E?\*\ HfEIOIEH^SSEfS SffSfCf. XH 

yasaiM^gj ?)ioisas^gJ, ?)ioiMO)is^ij, ^nnoiAHas)^aja2i nj)2as)2i xhei^ss oiansf 

WET 01 01 Ei n)E)DI9S HIO)Ste0l J\S e aSS SISCI. H S A)|^U)E)DIEte £J^n)E)G|Ei2| «Bf3 S) 

=§E|B)D!E)ai SSAHI^Oll XISSfE). 4f3| °J E19J ^§ x| 4=01 01 Ei £) WETCHIOIEte SEfSA) 
*§£)2, SJ«E)EmiaSAH feO| n £A ||^o]| 

2 6A fe 61 39 2JE10I 0|O|EH^SXI4=Sf2| Sl^SUgS L)E)y 22SAH, ^)S^a 8»a| £xfg?l 

(6x)« l) a lh n , Aiis^a ^sxi^aai ^^21 s?i(6x)oiiah siifste aioia 19 hais aoi 

a. 2 6A 0)1 AH 6C SSS E«iE)§^S x|4=^§£l2 a»8 01 01 a Oil 2) SHAH ^SaO. 

2 5 CHI AH 2»SJA>»±fy(514)£ 2x)S?l(6x)2| gfX)S)S ^§g,^0)|2|5H ^iJ3^l(6y)S eSSKM. 
2f >:g!a3|(6y)?) 6x EE) Sfa Pf§ 5 StOIH, gJ2|2| §4=(n)0)l 2|5H U¥0)a SCH, S)^2f2| x) 

oi(x)2i §aei sts gffea. 2 6B t 9JEfgj0ioia^§xi4=sf2i si^snns uay 2°sah, 

^IS^a gX)§)a ^H33|(6y)2| S4(n) SB51B UEfyE). Oia& StS OlOia §SS)^g) (516)0)1 

AH assaoi 2f si^snaats =(■ 4=^331 a ?is.k)iiai si^sife aioiaaa s^2i diss u&tsp. 

2 5 2) *fsi2S4= 2S^U(518)S 4JHI 9Ja2J E)E)Diaaf2| SfS^2S4-5 ^aSfCK 2 60 fe m 
S&2&4=2) <M&\m Uat«a. 2 52| ^Ma2a^^^gJ(520)0)|AHfe n afB§f2Sf4=±tS >ig!(6y)2| 
2Sx)£2S CHSSSfE). 

2 7A CHI AH 2 70 te E«IE)§ ^SQIOIHB 9lef 2^HE)SSSfS 3EHHS tfS&Ct. ^901018011 
AH ^BBJE&^fe ilS=!°Sfiat 0IS^!2^ 2S£|0) OHE! aiOIE-)2 xHE|£IH a,teE). ^S0IOia 

fe'oia ssiEiaaiaon sich/h xisaa. 011 a sen, afBass^^ £ 7A a ^^^esoii 
axisjEai, ^§cfioiEte S2EfEfoiaaf(y). ssEiaoi a a ( p ) . siaimafDiaai. si^uiEiniaatoii 

2)5HAH XI §SQ, QS 0)|£ A), SfSS2g40l 2 7B 2H ifS ^)¥^S50)I ^X|S)2^, s§c-)| 0 |Ete 
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asMDiaatu) ssEi-poiaiM p )ou °ishah^ xisap. e ps oiisah, ps oiisah, ttiit 
i^S e 7c a is amis 3i¥-Wsoii axisiE^, *gaioia3i aanfaoiaaa u ). aompoia 
». m±m&u\a&m s\wm xiseo. Df^4°s tittEB*^ e 70 a &s ^^gsoii aaa- 
£ = ^gQioiat saEiPoiasu g )on sich/hw xisap. bib^ss, hiisi a as uipaia;>i- 
sea an. a =i»b aaaES^oi- e&ea. 

E » ° ah| £ 4 g ^«|Q|0|E|/2°|CI|Oia U|2ii!l(462), SxlHSDHJ OH S^S! (474) Oil AH ^SEIi 
DHSSSK800JS S2¥xl22AH P9UH2 5UD. SM. aSIQIOIHfc 2 5 2| S^i9f D 

= 81 £31 nSS^(800)S E 5 SI 5|^MDSfflg^il(512), 2»gW»±iy(514). Ql 0| 9 3 Ssl^gJ 
(516). %»tt£»^E»^B(518). ±H (520)S 59SP. 22EIS OHS^ (820) 0||AH 

£31 22|22EISi£!!£i:|!!(458)21 9X1 A| B9I 01 a (471 R &0| SSIOIOIEIS £Bgoh= 
^gJOIIAH £3££l = S2IQIOIEIS ?IB ^SB2Ste £3| (518)011 AH a gat £XHQI0iaB ?IB J 

ssEsg- sxiea Hsmaaxissfoii/dfe s°iHsma°i 3-12-121 psjb 3Ks^iy33H3s?|OKHiAH oi 
Bfshfe aioiasa S4=a uisoi 4ifliQioiEiH5iiHJ2i 2f2t°i 2§ ^iy a:>i s ?i a aioiasa di§a 
a»a^i?isH ssiHsmasi ^sib^k 6y')a ssiem. oia& aaioii/H, ^tyssa n uHiia 4 hh sj 
p^ ssn^oi -aaap ^a n ^i33issoiii= ^ ^a 2£2±a g aioiasa dies u 

Ef L Hfe 61 J9 QIOI9S flfi £» 2§xl^(6y) ii, 81 XI S°J QIOI93 AS £8 3|Bx| 

4»(6y") xie^23l(6y-6y')B PPUIfer 2± S2| HPHI 2^3| XHSaOH&P. 

S§^i!(822)0IIAH, S*£»2| 2l3£^te -« WSSI ^te SOfOIIAH S BBIXHXigOl- CHS 

ai sie-e^ ^spsjb^ §i oissioi 2#ap. sisis^si sioiioiiah{= £^£^3i sisaoi ^401 
atiaa, st!PS£*!Soi 3ga2 $?4o> atiea. $?<M*i)3i- xisirap n. a^s^t *j 

*!2| S4=B HSBQ Sf^f £4=B4= Efe aSQ84!9*3l S^S^S SI 381X1 Si H. ¥ BKH Q 
»£S*B 3§BP. 3fS^B £EHB asaHWXI £?ia P£££^¥9 *§BP. Sttf 2f |IJ 

o| A |g a ioiafe £4*2401 a^ifEg git Aiisaioiaoip. est a^asa exists 

CH. 6I?I PS£&40| £|»£EHS S*feP. 

* tt90U PS OH SI §£(800) Oil 2J5H gjOIXIfe §SS 2S £§3 S3I ^231 61 HI 01019 Af 01 Oil AH XIS2 

1 5| S[fe 94e 3s&^o)i 21 & is Aieaioia§^E« 3ia4>aat 201a. s^s majoi 
Ei£i qioiei^ssi aiis?i^2i sia^aasioii sish ztBsiai a^aona^ sis^. axii_^tr? 

4=2J 55)1 »a*iaii= ¥ 3H2I 2SB0II S?II5!2S ^SfiD. Olt OtlB Id mm S3||Si±S4=2| 
10% 35%. 75% J\ MM QI0IH2I 10%. 35%. 75% OH A^SCf. QIOIEIS AI0I2J QIOIEH 2iS S^SOII 21 
5H 3 «W 31 ^SSO. 

a 0 | OHSS^(800)OH 2I5H SOIXIfe ELIE §§S SSAIIi^h SSS^I 4^92. 012 QI0IEIHS2I 

ssmaoiiE »§3ffesmfe aom. tim sis sisa^a a?i qioieisohe ^§£4 sicife 

20IEI. 2&, X1^SE1£I 2^gE1S g§HI S^SIfe g 21- QIOIEH Oil ^Cffe 

aom. 

SB £31 OHSS^(800)S a«*2| QIOIEH S x^^|S^2, S^2| S3||ttt21 itS 3|X|fe USnSAH^W 

yoiQg ^gsiESAH soixife 4sa3^& sat oii^&a. cli- els- ah . ohsssksoojs 2SQI0IEH0II 2| 

mM §gg fe g-Hfog ^ SIP- . ^XlS^OISOII Cfse. 2£l&^3f £?|0|| 2i2^^, 2X^1 

CH 31SEI. SjSS^SI §^2£l f?2JSS ?I5H ^1 e«H2| Efg.^01 23QI0IE1OH 2I5HAH S SIS XI SS 
3&»^0)l OIS@P. 

2§xHd|2J 9|« OIOH Ol^flBI^ UmSQ. SSXIfe SSXfd^ gj^ulEIDIEI SEfe HSEIgS S&SI 
Oll^xHEIM ?IS gJ^niBIDIEIB Xig&P. X|§£|Xia k S niPDIEHb 2§xHdlOIIAH E#S lUBfDIEH 

2b ngnisi aiisa. 2 9 o\\m 2soi, sa»xia s ^ uieidi EH £h sa^xia aiajHswaioi 

?|gj£|2 PSM&J^E|EI0IEH/2£niS0l ^§£lfe Al gai 01 & A| sf^U (910) 22 ¥E1 Ojl^fl £| (900)3S 
AI^SP' AISXI§2| A|SaiOld^U(912)0l|AH AlSaiOI^OI A|Sf£|2, A|SX|XI§QI0IE1£H QIOIEH Xl 
PH0HAH2I PI 01 EH M OISSIOH SSmSiOl 2BSP-. PS, 22|HS»a^a(914)OII/H 22|22nfSOI 

Ifc ^gj (918) Oil AH 2SSQ. XHPS2^a(920)OHAH OII^AISaiOI^S SSSIHJIXI PgfSt XHEIWPOI 

P3i oi a & a^iss saaaea. 2 fl. sxiAiaaioiaoi sxiAisaioid^gj(922)oiiAH ^sbp. 

§x|AI§aiOld22 ¥P *y^S 5£iaS 0HS^gJ(924)OHAH DHS£I01, 22| WETQIOIEHS & 

aaa. 

sxiAisaioiaoiiAH Etafe wetqioip^ ga& ohsiii a&^i^M oissioi xH£iAisaioi^ *a eiy 
a qioieh a ^as ^£22 ssao. 

s as 011 ps 2a aeiaasi sis saaioiaa ^hiqioip e^^i sasiPii. sss^^^apt 
s^^dwog p^oiapb soip. s§. 2s ejpeiaioiaa wet aioia^ Aisaioi^oj 

ES §&A|3|ferQI 0IS3^8m. P^OI, 2>§^0I »£B HI22ISS ?I5H, QIOIP ^8238 

o£ 0I¥CH5JP. 2&, xHEI^SOHAHa SP^I2§0| S2S|X| &OIAH HISBSOI XIISSSOHAH MSS 

3Taon oi¥OHxib Aiaaioidoii £ishah xisssoi ?^sip. eps sss s aaoii me saaioia 
^ myoiaa §*2« s^ai^jp. 

2 10 S HI2Al^iJ2| 2fll22(1000)a «3»3| SIS S^22AH , XU5g§ ( 1010)S QIOIEIS 

=(ioi2)oiiah otsaafe am eiaei aioias aasm. wetqioiei ^§^u(ioi6)2 1 Eisai i a« 
bp oi wet Qioiat wETaioiaa^doisjoiiAH waaaa. eia-ej Qioiaa wetqioieh^ aioiaaioi^ 
(1020)2 a^£i2. aioiamioi^do20)a Qioiat ^ aasa as sshs z-^ss wsQioia^B^a 

( 1022)011 Aj xHEiaP. 0IS3II XHPS QIOIEIfe QIOIPXHPS^(1024)OIIAH 0Hgg£l2, SS xH El ( 1026) Oil 

§8iP DHSlxIfe Ql OI El mi 01^(1020) 2 g,'^£lfe 22E|^a QIOIEIfi ES5|3|?|5H DHS&4=»a 

( 1028)011 AH £31 Eiia 52Eia2l QlOIPfe Oil ^XH El ( 1030) Oil IISO. Ql 0190)101^(102 

0 ) OHI AH i!eia §Sfe IS =-g*gS = (1032)0HAH 4=§22 ^S£I2, OI QIOIEH^ SSXIOIiasH §i 



17-6 



a Qioia(io34)2i- sm ^saioiasiai»*(io36)os asaa. aioia xH£I§^(io36)oiiah a#s 

QIOlHt &3>l 0ll^xH£l(1030)S SSEIH, 52gXHE|(1038)te £E& 4-^QIOI a aH 1036)2 QIOIEIS 

OlSSfOI 6JSieCf. 21! £1(1038) Oil AH §2S SSfe 4»S0HSS4*»*( 1040)0||/H . &PI OI|**iai 
( 1030) WIS S^EIfe QI0IH2I *§5! ^SCHIAj 010133 HSulUS afiSlfeQI 

oissa. &7\ on^n£id030)fe m§i(io42)2 a»e ssoh see onuses ggso. 

n§gg°j ^s^ioiss sg ass maoia« e^sm. Aiaaiss a hi ejyei aioia ^3xi4=» 
^sioh isasi ssiasat aoia. oiim soh, s m%ou mm yasi umwm^ ailkhi an « 

£l*g2| SKi a»8^l¥l«H OH ? a^ X ?Dm Gil 01 EH « 4 2iQ. SES, S & k gCHI IfS S 

^ AiMaioi^ gj&is msas, ss:H»a s&si anas, ahs as msasi ?iei aioiasi ui 
m §oiie i§s 4= sia. 



VSOII S6HAH 9KWAI 3l*S(H2lXie* . S ttSS 6M0II 31 *S 61 Al Oil 0)1 AH B SiSSOiaxI 

. a^|oj -ota =7| ^ CHI AlBSS 01*011 §¥S S?B¥I0II ^I^EIOi §2£|012lte S BT9 



s> a 

si gsia fixiefoiiAH p-&& eia, as. ssoi jffesm. 



sas 1 

HIS5§2| SAH0II 3S£I = fligliii 4=HSPI?I& HISSd|2l; 

sxiisva ana ssaisM niaoiasy sei ^^§f= aiss§nm: 
&:>i gsaisMniaioia sgi ^<ysf^i?i8H aismsuioii asaa; 
A^i ^aisMuiaoia sss 4<m§i;= ¥&!, a^°i a2Hiss§sag ^£si;>i?isH_Hisg3sij 
oTi uisfe agiHiSiii Aisaioiamfe asisisgsaa* ua-mt asiHanjaa fa 

Smt ?a§3 a 421 ?Bi £992, S^aAISSOIIAH AhS^teS 5S3^i Sgofc 

2i ^sas sii= aaasAisa. 

§aS 2 

HI 1 SOU Si 01 AH , 

£J\ SaM?1ICH ng^gg oio|oj AiaStS 0|gS|01 AlSaiOl^g^g iSiJSte S9l3hS 

s Ai§aioi£¥es a sssit ss ^§°s sfe his auaiMisgj. 

S^S 3 

hi 1 soil aioiAH, 

&J\ SHE?j|01 5£3gg a4sS | ggen^E ulS-OI El fiSi 53 01018 aSEISOII SSHSIfer 

feoi ggaioia ssiiia a°i Hsmas ohs§i^ ¥&is a sesfe 3is ^sas sife his a 

§aS 4 

HI 1 SOU SI 01 AH, 

&D\ SaS?1ICH 553| AI§aiOI63 = §!B fiiaHl HISSH2 8311 Al 831 01 £ 01 H , 6131 HIS5S 

di a oil ah Aieaioi^as. srs ass^a Etas gj^maoias as sib ahs¥©2h 

5HSES4S 21S£lfe ^HIHISSSS AlSaiOI^Sffe AHS^aM a SSolfe 21 =S2£ Sfe 

his eaasAisa. 

5 

HI 4 SOU aiCH AH , 

&OI snE°j|(» n SZ1 ^ Aieai0l£¥&!8 41^1 HIS5SSU31 SAICHI 4S£lfe 51 ?S°S 5^ 

his aaasAisa. 
a^s 6 

HI 4 SOU 2JOIAH, 

SHeoii^ ngng AI©aiOI<!3¥&!S S9I3ISS S<N= A|§g|01 Qgf& ^2°! ?m AiagiS 

| gSfe c^oj Aisaioi6asus emmfe Ans^ae a sssife, eiaai hissss e?iiAigaioi>3 
gji 5§2s 51^ his auasAisa. 

7 

HI 4 SOU 2iCHAH, 

SHM?||(}| 5£Di Aisaioi^^es a^2| AlgaiOldSUg SIUSI Aisaioia^Hoi 21 
aei ^saioias¥a §3@ gj^niaoias aissioi s^aioiag ^ssife Biii maeHS ois 

5lfe AISaiOI<g¥5¥&!21; 
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A|gaiO|^^iJ0j|/d ft»0|O|EH» MXi\ £t^2J^§Q|0|£ig OH Safe Ai«¥&!^: 

22|Q|0|E^|- 61X11 2J^£J ^SQIOIEHOll EH^ ¥&5^^ 2| 22|^ij0l^0]i A|gaiO|£ HSUS 

£§6fe /H^¥E!s EH S&Nfe.ySEXII HI£§S2| e^iAiM^IOi^S^ 3^ 
b XHIS eUEiHAI^^. 

S^PS 8 

*HS3§I2I ^XHOil ^g£fe fll£3S^SI« 4* asm; 

&}| ^JHS^a gSEil^M m^DIEi£J S^M ai^CHi: 

C^oj aojfli^gss^S §H &}| Jll^gg^liOII CHIfc Aigaioid 

SSIXHSgSSafi UEUHfc 2°|HSIIHis i§I 5»6|-te 511 afe Hl£3 

§2j slieibsb. 

S^S 9 

HI 8 »0|| &OUH, 

spi Aisaioidags Ai=as oisskm Aisaioiaaa* ^^25 a^jafb seii^»s ai 

^aiOI^^&g 4^6fe EH 3SS ^S2S Sfb Xil5g§2J 2LiaS^g. 

s^s 10 

fll 8 &0II SiOUH, 

q^bi esEii^M mania sgi ssc-iioia H^nmoii s^a^ aga; 
°i eg a a as. 

11 

Bl 8 SOII &OUH, 

Aisaioiaage as hi x-iissgsi g^iAiMaioi^^som, ^sbjss^oiiah gj^ma 
die-is a 31 aissg mamiaoiiAi Ai^aioi^s^ aga; 

^■BEB^S 2iM^ «fllXII£Sg« A1gai0|£6fe ^gg EH 5l f o[b 51 8fe HIS 

12 

fll 11 &0II 910] M, 

Aigaioia^gg &?i xiisgg^nju- ^mo\\ ^*H£|^ >im aii^sgsi suasa 

a. 

a^s 13 

HI 11 »0II fclOt/H. 

Aigaioiaagg as hi aii^sgsi s^iAigaioidom. seh^ss »£<g af§§^ pgo gjsu 

2j ^£ AlH&g I§5fb Ef4^2J AieaiOld ±<g m t^gfe EH 5&5fb 3^ »fe 

m i g§2j suasae. 
14 

»l 11 SOil &OUH, 

Aigaioi^as^ et£Hi aissgHi s^iAisaioidou, e^£j Aigaioi^gig sm£i aimbi 

Old^gJOl ^Xil oj^oi ^§EHI0ia^a £J§SmeiQiaS AfgoFtf B^EHIOIEHS £B£!8fe Bffl 

UlE^g 0|§6fe AIMaiOld¥^S £^8te 

Aigaioia^noii/H aaQioiaa dim eiaei ^gaioias oHsshfe a§i; 

asiaioia^ a hi ejEisj s?gaioiaoii a^ ^^^i dhxi ah^^ ^ AiMaioi^uoi^oii Aigaioi^ h 
^n^2i ^§6^ nf§^ a ssafe ^§2^ hisss slihiisb. 
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